Treating apple trees and strawberry plants with methyl jasmonate (JA-Me) was investigated to see how the treatment affects the population size of the two-spotted spider mite (Tetranychus urticae Koch.). Both apple and strawberry were represented by two cultivars: Jester, Close and Aga, Kent, respectively. Each plant was infested with mites one day after being treated with a methyl jasmonate (JA-Me) solution. The negative influence of the JA-Me plant treatment on the growth of the subsequently colonized population of the two-spotted spider mite was observed both for strawberry plants and apple trees. A significant interaction (plant treatment x cultivar), however, was observed in the experiment conducted on apple trees. The population of mites feeding on the cv. Jester was not influenced by the JA-Me treatment. This lack of influence by JA-Me treatment was in contrast to what was found with the cultivar Close.
INTRODUCTION
Tetranychus urticae is a polyphagous mite feeding on over 200 species of plants (Boom et al. 2003) . It is a serious pest of many crops including fruit, vegetables, field crops and ornamentals. For this reason, T. urticae is also regarded as one of the harmful organisms of utmost importance in apple orchards and strawberry plantations. It reproduces rapidly, which accounts for its large population numbers. Such large numbers lead to a severe damaging of the leaves and consequently, to a reduction in the crop yield. To control the pest, chemical and biological methods of plant protection are used. Up to now, application of pesticides or introduction of predatory mites have been the main methods used for this purpose. Attempts at utilizing chemical elicitors of induced resistance of plants have been undertaken recently.
Jasmonic acid (JA) is a ubiquitous and naturally occurring hormone in plants. Like other hormones, it plays a significant role during the plant's development, e.g. in leaves senescence, fruit development and ripening, root growth, seed germination, seedling growth, and photosynthesis (Wasternack 2007) . Jasmonic acid is known for its role in plant response to different stresses. Such stresses include tissue wounds by mechanical injury or by herbivore and pathogen attack (Farmer and Ryan 1992; Creelman and Mullet 1997) . It was stated that the herbivores cause an increase in the level of endogenous jasmonic acid in plant tissues. The importance of JA as the signal molecule of the defense response in plants was confirmed for many herbivore species after treating their host plants with JA or with its derivative JA-Me, the jasmonic acid methyl ester (Thaler et al. 1996; Thaler 1999; Baldwin 1998) . It was observed that JA or JA-Me induces enzymes typical for plant defense against herbivores, in plant tissues. (Thaler 1999) .
Most of the experiments were conducted on chewing insects that cause extensive damage to foliage. However, the involvement of JA in direct defense to T. urticae was also studied on lima bean and tomato (Omer et al. 2001; Li et al. 2002; Choh et al. 2004) .
The goal of our study was to examine whether JAMe treatments of young apple trees and strawberry plants influence population size of the two-spotted spider mite.
In addition, we wanted to examine whether this impact may be modified by a plant variety.
MATERIALS AND METHODS
The experiments were conducted on Close and Jester apple cultivars as well as on Aga and Kent strawberry cultivars growing in an insectary and a glasshouse, respectively. One-year-old apple trees were grown in 10 litre containers. Strawberries were planted in pots of 14 cm in diameter. The experiment began at an early phenological stage of the apple and strawberry plants; when all plants had at least three unfolded leaves. The apple trees and strawberry plants were divided into three experimental treatment groups, each of which was composed of 10 plants, i.e.: 1. Treated with a solution of 0.1% JA-Me in 0.05% Triton X-100 (wetting agent). 2. Treated with 0.05% solution of the Triton X-100.
Nontreated plants (check).
The application of the solutions was conducted by spraying the plants until runoff.
To study the effect of JA-Me treatment on the growth of a population of T. urticae, 30 adult females of the target species were introduced on each plant. The T. urticae females were introduced one day after spraying the plants with trial solutions. The mites used in this experiment were reared in a glasshouse on lima bean plants.
The size of the mite populations was tested 5 weeks after their introduction on apple trees, and 2 weeks after their introduction on strawberry plants.
The experiments were arranged as a split-plot design with ten replications (plants). The results were analyzed by two-factorial ANOVA. A Tukey's HSD test was performed to analyze the significance of the difference between the means.
RESULTS
In the experiment conducted on apple trees a significant effect of the JA-Me treatment on the population size of mites was observed (Table 1) . However, the interaction apple cultivar x treatment was significant and the influence of JA-Me on population size was stated only for the Close cultivar (Table 1, Fig. 1 ). The level of infestation of the trees with mites was higher on the Close variety. In the plants treated with JA-Me, though, no statistically significant differences between studied apple cultivars was stated (Table 1, Fig. 1 ).
On the other hand, JA-Me treatment of strawberry plants had a negative influence on the population growth of T. urticae (Table 2, Fig. 2 ). In this experiment no significant interaction between the two main factors (cultivar x treatment) was stated (Table 2) . However, the number of mites feeding on plants depended on the strawberry cultivar (Table 2) . It is worth mentioning that after JAMe treatment of strawberry plants, the growth of the T. urticae population was especially low on the Kent cultivar (Fig. 2) . 
DISCUSSION
The presented study has revealed a negative influence of exogenous JA-Me on the performance of the two-spotted spider mite feeding on apple trees and strawberry plants. These results confirmed our former research carried out in a laboratory settings for detecting the antibio-sis resistance mechanism of apple trees and strawberry plants to mites. In the "no-choice tests", T. urticae females were kept separately in glass cages and demonstrated reduced fecundity on leaves treated with JA-Me as compared to females feeding on non-treated leaves. On the other hand, in the "choice test" the mites preferred to feed or oviposite on non-treated leaves. This action suggests an occurrence of the antixenosis resistance mechanism of plants to T. urticae (Warabieda et al. 2003; Warabieda et al. 2005) .
There were similar results received, in an experiment conducted on cotton infested with the two-spotted spider mite (Omer et al. 2001) . Application of JA on leaves of cotton plants caused the mites to prefer the non-treated leaves. The application did not affect the survival of spider mites. A significant reduction in egg numbers, though, was observed in comparison to the controls.
The influence of jasmonic acid or methyl jasmonate on the mechanisms of plant resistance to arthropods is associated with the products of induced expression of numerous genes (Schenk et al. 2000; Pena-Cortès et al. 2005) . On the other hand, methyl jasmonate has not been found to be directly toxic to herbivores (Avdiushko et al. 1997) . This thesis was indirectly confirmed in our experiment, as the level of mite infestation of trees of the Jester cv. treated with JA-Me was comparable to that of non treated plants.
In our study, mites feeding on apple trees or strawberry plants reacted in different ways to the JA-Me treatment. The reaction of the mites depended on the cultivar. This differentiation was especially clear in the experiment on apple trees and was confirmed statistically by a significant interaction (treatment x cultivar).
As for strawberry, after spraying the plants with JAMe, we found a decrease in the number of mites on both strawberry cultivars. The decrease was especially significant on the Kent cv.
In the experiment with apple trees, we stated that the mite infestation on non-treated trees of the Close cv. was twice as high as the mite infestation on the Jester cv. The probable reason may be that the cultivar Jester possesses a higher level of constitutive resistance to mites as compared to the Close cultivar. In our former experiment conducted in field conditions, the trees of Jester revealed a lower level of mite infestation than the trees of Close. In that former study we stated that both of the cultivars varied in the anatomical and morphological traits of their leaves as well as in the level of their phenolic compounds (Warabieda et al. 1997) .
On the other hand, after JA-Me treatment, the population size of the mites feeding on the Close cv. decreased to a level comparable to the population feeding on the Jester cv. This population decrease suggests the possible involvement of an induced mechanism of resistance to mites triggered by JA-Me treatment on the Close cv.
The question is: why did the trees of the Close cultivar reveal such an unequivocally induced resistance to mites after JA-Me treatment in contrast to the Jester cultivar? To explain the phenomenon of the different reaction of Close and Jester cultivars to the exogenous JA-Me treatment, an analysis of the level of endogenous jasmonic acid or its derivatives in the leaves of both apple cultivars should be done. An account for this thesis may be in the statement resulting from an experiment made by other authors on wild-type and jasmonate-deficient mutant tomato plants (def1). In the study mentioned, researchers proved that treating the def1 tomato plants with JAMe elevates the resistance of the plants to T. urticae and reduces the fecundity of female mites (Li et al. 2002) . Taking into account the results of our study, it should be interesting to check the influence of JA-Me on the activity of some enzymes involved in a resistance mechanism to herbivores like polyphenol oxidase, peroxidase, or accumulation of proteinase inhibitors.
Our paper has demonstrated that methyl jasmonate could be an effective compound against the two-spotted spider mite feeding on apple and strawberry foliage. It should be underlined, that before practical application of JA-Me, the influence of this compound on the growth and development of the plants will have to be taken into account. Another question involved is, how JA-Me treatment influences the sensitivity of plants to other pests and pathogens.
